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(54) Method of depoaitlhg a plstcnum ffint for capacitor elactrode 



(57) A platinum film, wh (ch fs ub^ as a botlom else- 
irode for a capacitor In a DRAM cell or a non-volatlls 
terros^sGtric memory ce((^ is formed In two separate 
pracessfiSf wherein a fif-al thfckness platinum part there- 
of Is deposited under an rnert gas atmosphsre, and the 
second thickness platinum part is dsjjoeited under an 
atmospiiere containing oxygwi, nlirogsn and/or a nritx- 



ture \h&r&oi as well as an inart gaa. The platinum film is 
annealed under a vacuum atmosphere to f amove the 
oxygen an/or nitrogen Introduced during the deposition 
of the second thickness platfnitm pari. The annealec? 
platinum Him prevents formation of an oxide on a func- 
llonal imsrmecJsate film such as a diWusion barrier lays/ 
Of an adhesion layer, which Is provided befowthe bottom 
electrode of platinum film. 
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CROSS-REFERENCE TO RELATED APPUCATlOhfS 

Thia applicatioft o!a]mB priority from cormionfy-as- 
signed Rspublio or Kcnrea Ai^iicatlon Serial Nc?. 
(fried Januaiy IS, 1£^). 

BACKGROUND OF THE INVENTION 

The prassnt Invsmlon r^lsles lo « teolwiiqUB for da- 
posfling a platinum fiim, which » Used as a bottom &iec- 
tiode of a capacitor in a high cJansHy ORAM and h a 
mn-vcAaUe memory cell mciudlhg a FRAM memofy cell, 
Morepartfcufarly, ths Invention r6lat$9toa1echi^«|U&ot 
forming a platinum film which can prohibit oxidation of 
a funotbnat Intermediate film (e.g., sucii as a diffusion 
barrier layar of a high dansUy DHAM) wtilch Is provided 
below lh& platinum film. 

\n this specifjcatlon, the term "functional intermedi- 
ate film" is used to cover ail of ttie films used in etectronlc 
devices for prohibiting fntsr-dlf^usion of silicon in a po3y- 
silicon layer and plaKnum In a piatinum electrode, for 
^leOtflD cOTinecifon or In&uiafing, and/or for enhancing 
adhesion between a platinum film and a substiate. As 
well-Known in the art, a functional intennedlate film may 
be referred toas a "diffueion barrier layer, " a "conductive 
plug fayer," an "adhesion fayer," or an "insulation iayer" 
in accordance wilti its function. Que to the pfesanca of 
these fayers, some probisms car\ arise. 

For example, a piathUm film is usually used as a 
bottom electrode in a capacitor of a high densiiy DRAhfl 
ceil Of of a non-voIatlJe ferroelectric memory device. In 
Ma regard, when the p]atfnum film Is sensed as a bottom 
fildctrode of a capacitor in a DFRAM cell and a transistor 
Is connected to the capacitor via a conductive plug 
formed from polyeillcon, pialinum eilfcide is formed on 
the interface between the polysilicon layer and the piat- 
hm Aim during the platinum depo$ltlng, subsequent 
anA«aling and/or the other post-processing, since the 
p]a1lnur« filnrj drectiy contacts the poly«ifrcon layar. To 
avoid this phenomenon, a diifusjon barrier layer formed 
from a nitride (e-S-i as TIN, Tl-Si-N and OaN) is 
iomrifid batween piatlnm film and the polyslNcoa 

Bim it a dlffu^fon barrio layer is formed, oxygen 
gas introduced durhg the post^nnealing or high^dieldc-^ 
trie/ femaelectriooxWe layer depositing process can dH- 
fuse tirougn wfds tonmed between grain bovndarl«9 In 
the platinum filTR. Because the grams of the platinum film 
deposited by conventfonal pfoeeases have vertical cO' 
lumn&f structures with inter-columnar voids, oxygen In- 
troduced f ronn the above^entloned process can easily 
diffuse through the pialinum tlim to ihs dHf listen barrier 
layer The oxygen gas dgfusarf through lh« platinum film 
then oxidizes the diffusicwi barrier layer and fonr*s an ox- 
idized msylation iayer such as TiCXjand TaaOg between 
the barrier layer and the platinum film. Consequently, 
thfi function of the platinum film as an electrode can be- 



come detorJorated or even lost, in parllcular, if the diflu- 
sior^ barrier fayer istorrrted from TIN, gas Is produced 
while an oxidized f]fm of TlOg is lormed on the surface 
of layefi and the Hg, gas can cause the platinum to 

s expand and become released from the barrier ^ysr. 
This phenomenon le known as "bucRjftigV 

In a DRAM device or a non-volatlie memory device 
or varbus types of sensor davlces, a f unc^ona^ inte rme- 
c^efllm» more particularly aconductive ac^es^ layer. 

f 0 formedlrom U Ta, TIM, TiW or W also can be interposed 
between the substrste (or a insulation layer fbmried on 
the substrata) arvJ the plal&ium film In order to iODrease 
adhesion strength ttierebetween. In this case, although 
a ferroelectric oxide film Is deposited after^e adhesion 

IS layer and ihft pialinum film have been formed, oxygen 
gas and/or adhesion layer material can diffuse through 
the platinum film formed by conventional melhode, 
thereby forming an insulation layer such as TiO^ and 
TagOs in a DRAM cell due to the oxidizing of the adhe- 

20 sion layer, l^loreover, "budding" of the pialinum film may 
occur If TIN was u&ad, since ts generated due to the 
oxidation of TiN to TiOg. Therefore, the performance 
properties of a DRAM cell era non-vciailfe ferroeJectric 
ceil or olher device can be axlfen^ely deteriorate due 

^5 \o problems caused by oxygen diffusing through the 
platinum film and resulting in oxidation. 

As known in the art^ if the platinum ftim employed 
as a bottom electrode has (200) preferred ortentatian, 
the ferroelectric oxide film which is fomned on the plali- 

30 num film tends to be oriented mostly to one crysla^lo- 
graphic direction, preferabiy to the c-axls direction. Due 
to this controlfed orientatioHf it has been found that the 
electrJcai p/opedies of the electronic device can be hlQ^- 
iy improved, while its fatigue tendency can be reduced 

^ and adhesion stren^h improved. Therefore, the orion* 
tation control of platinum film can be very important 

In addition, platinum films formed by the conven- 
tlonat methcde using sputtering often are not dense 
enough and may have a number of prnholes. voids or 

"fo hillocks, which may result in device performance prob- 
lems. 

it ts seen from the above that methods for forming 
platinum films that can prevent oxidation of a functlorral 
intermedfaie Rim ^suc^ as a diffusion barrier layer, af> 
adhesion layer, an insulation layepj ^d a conducllve 
plug layer) are desirable. It is also desirabie to b# able 
to control the orientation of such platinum films and have 
defect-free platinum ffbns. 

^ SUMMARV OF THE INWCslTlON 

ft is theref<ye an abject of the pres^ Invention to 
provide a method of formfng a platinum v^ich osn pre- 
vent the oxidation of a tuncllonal interediate ^)m such 
^ as a diff usbn barrls r fayer, an adh esk»i lay en and a con- 
dm^e plug feiyer and, lo provide a platinum film for msd 
thereby. 

It is stiil another obfect of the present invention to 
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provide a melhod of manufaotuf Ing a sefntooniiuclof de- 
vice usins ei^mpraing a platinum film a bottom elec- 
trods which can prevent the cxidalion of the functional 
intefmediate film, and to provide a senicondyclor man- 
ufsctiired thereby. 

According to various specific embod^mentSp the 
presenl ir^venlion provides a method of forming a plati- 
num ttim which csn prevent the oxfdatfon oi a functional 
ihtenfned?ato i\ln\. and a method of manuractuflng a 
semiconductor device u^ing comprising a pteiinum film 
as a bottom electrode whfch can prevent ftie oxidation 
of the funcironaJ ir^termediate film. 

According to one specific embodiment, the present 
Invention provide© a method of lorminq a platinum film 
over a functional mtermedfatB fifm formed on a substrate 
comprising steps of; depositing a platinum f^lm over the 
Iwnctbna^ Intermediate filnn in two depositing processea, 
wherein a firel ^ickneas platinum part thereof fs ftr$t de- 
posited undef an inert gaa atmosphere and ihen the sec- 
ond thicknese platinum part thereof is deposited under 
aan atmosphere containing oxyger^ and/or nitrogen to- 
Sjether with an inert gas; and annealing the platinum film 
under avacuurn atmosphere to remove the oxygen and/ 
or nilrogen introdiiced during the deposition o1 the sbo- 
ond thickness platinum pan. The term, 'atmosphere 
containing ojcygen and^of nitrogen" means an aimoa- 
phere Eluding at least cwie of; Og, Ng, N2O or a 
mbdure thereof. 

Accortting to another specific embodiment, tt)ft 
present Indention provides a nwthod for manufacturing 
an eleoUonb device conrtpiislng stepa oJ; pfovfding a 
substrate; tfepositing a f i^ctfonal fntemwdiate film over 
the subfi^ale; deposfting a plaifnum film over the tuno- 
tlonal Intemnedlaie film, vi^ereln a first thiclmees pJatl- 
num pan thereof is firstly deposited under an fn^ gas 
atmoephere and Oien the setjond micloiees f^lnum 
pan thereof I3 depoalted urK^eran etmosph^ra contain- 
ing oxygen and/or nttrogen togelher wi^ an Inert gas; 
anneal Ingthe platfnum flim uncter a vacuuni atmosphere 
to remove the oxygen andt/or narogen Introduced during 
the deposition of the second thfcknees platlrtum par^ 
and forming a high-dteleolrlc or ferroelectric oxide film 
on the pfatinum film. In order to pfotect the functional 
inlermedsate layer from oxidation during the deposition 
of the second thickness platinum part, it Is deeirable to 
maintain the ralto of the thickness of the first ihfcknesB 
platinum pan to the total thlcknses of the pfaJinum film 
to be deposited in the range between 5% and 50%. 

The present Invention along with i?s featurae and 
advantages wit! now be explained m cfelail with refer- 
ence to the attached drawings Illustrating specific em- 
bodiments of the present Invention, 

BRt£F DESCRIPTION OF THE DBAWlNQg 

Figs. la to ld are schematic crces-sectfonal views 
ol illustrating thestepsof manufacturing a semicon- 
ductor device comprising a platlnumfilm first depos* 



Itsd under an frtert gae atmosphere and then under 
an atmosphere contafnir^g oxygen, in accordance 
with a^ecific embodlr¥»ent of the feasant Invention; 
Figs. 2a to Sc are ^hemallc oroee-secljonal >nem 

5 of diagrams IHustratfng modifications to the nwthod 
of Ftgs. 1 a to 1 d, according to other specie embocf- 
iments of the present hventlon; 
Fig. Sa is a schematic cross-sectional view ehowng 
a iiigh density DRAI^^ in accordance with a specific 

10 embodiment of the present inventbn; 

Fig. 3b isa schemata cross-sectional view showing 
a non-vo[atile ferroelectfic memory device, to ac- 
cordance v\^lh anottier epecSio embodiment of the 
present hventbn; 

'is Pig, 4 le a simptifiad dfagram IHiistrat^ng an exem- 
plary substrate processing apparatus which may be 
used in accordance with a epeoiffo embodiment of 
the present Invention; 

Fig. 5a and Figs- 6b to Sc are transmf^lon electron 
^0 microscopic photographs showing platmum films 
formed, respectively^ by a prior art method and the 
method of FxampJe Mo. 2 in accordance with a spe- 
cific embodiment; 

Figs, Ba and 6b are a planar surface view and a 
&s cross-sectional vibw» respectively* of the micro- 
struclure of a platinum film fofmed on Ti/SiOg/Si by 
the prior an method; 

Flg«. 7a and 7fa are a planar suflace view end a 
cross-sectional view, respectively, of the micro- 

50 elfuciure of a platinum film formed on TlW/polysSi- 
con/Sl by a prior art method; 
Rga, Sa to Bb and Ftg. fic are planar surface viewe 
and a oross-sectlonat vfew, reepeotivaly, of the 
mfefostrudure of a [^tinum f^im foimed on TiW 

^ po[y^ifcon/$i in accordance wHh a specific ennbod- 
Imerrt of Iho present Invention; and 
FIge, 9a to 9d are ^aph^ lllua^ailng X-ray diffrao- 
Uon (XRD) patterns of platinum films depogfied In 
accctfdance with Ejtanfiple Nos. 11o4ln aocor<iafK:e 

40 with specific ambodlments of the present Inventftm. 

DETAILED DESCRIPTION OF THE SPEGfHC 

gMBODIMENTS 

4S In particular^ vgrflous specific eir^iodlmenle of the 
present invention are generally described below in rela^^ 
tion to Figs. 1ato tdand Figs, Sa-2c, In these specSic 
embodiments, the present invention provides nfte^ods 
of fomf^ing a platinum film which can prevent the oxida- 
se tion ot a functional intermediate film. A method for form- 
ing an platinum film used for a bottom eieclrode for a 
capacitor of a high density DRAM and a non^-voiatlle 
memory device composing steps of:providlng a sub- 
etmte; 

forming a functional intermediate film on the sub- 
strate; depositing a platinum Trim on the functional 
Intermedia film In two depositing proceaseSi 
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wherefn a first thlcKneas piatmirm part therecrf Js 
flrstty deposited under an )r>art gas atmospKere and 
then the second thickness platinum pari thereof ts 
ciapo«jt(»d under m alniospNer@ containing oxygen 
and/or nitrn^en InckJdIng at leasi ons <rf O^, o^, ^ 
N-jO and a mrxture thereof {ogstfier wSti an inert 
gae; and anndaJing! the platinum fflm under a vrcu- 
m alnfwsphere lo remove the oxygen and/or ni!fo- 
gen Inlroduced during the depositfon of the second 
thickneee pfatlnum part, wherein the platinum inm io 
has ccKitrolled preferred orientation after being an- 
nealed. An inert ga» can be selected from Ar, Ne, 
Kr or Xe, In accordance with specific ^mtjodlmenle. 
The present invention cm be applied to a process 
nnanufacturtng an electronic device^. In eome env 75 
bodimente, afarrc^ectrlctllm may be formed on the 
platinum fflmf with the piaJlftum film funcliontng, (or 
exanriple^ as a bottom electrode. In some specific 
embodiments, depending on typ«s of dectronic de- 
vjce& to which the piBfJnum film \s applied, a f unc- 20 
Womt Inlerrrifidlate nini (such as an insirlatlon layer, 
a conduclivB plugr an adhesion iayen or a diffusion 
barrier feyer) may be provided betweon lh& plaXh 
mm film sr>d the $tJb8tral6, Var\oua materials which 
may b« used for the different Hlms are discusaed In 
detail below and have general appSoabOity to the 
foHowkig deacri^tron of the specific embodlmer^te. 

The matarfa! of the substrate may be selected Jrom 
one of the fallowing groups: single component ssniicon- so 
ductor materials, 6,g., silicon (Si^ germanium (Ge)and 
dfamond(C) ; tiompound semiconductor materials, e.g.* 
GaAs^ InFt SiGe and SIC; ceiamic single crystals, e.^., 
smOg, taAlO^, AI2Q3, KBr, NaCI, fVlgO, XjO^, ^13^4, 
T1C3^, Ta-jOg, AIN or ceramb poiy-crystals thereof ; met- ^ 
ate, e,g.| Au, Ag. Al. Pt, Pd» Ru, W; and amor- 
phous/glasey materials, 6,9,, BSG, PSG, BPSG, SL 

As nrientbned above, a functional inlernnedlate flJm 
such as an insulating layer, a conductive plug layer, a 
diffusion barrier Isyer^ or an adhesive or gtue layer is "fo 
formed between the piatinum f\\n\ and the substrate The 
malerfafe used tor a lunctiana! Intermediate film fur^c- 
tfoning as an fnsuiatins layer delude SIO^ Si^U^, 
BPSG, M9O, CaO, CaFg, Al^a or 820^. The materials 
used for a tunction^ intermediate f ikr^ func^oning ae a 4fi 
oonductive plug Jayer include TIN, zIfconEum nitride, ti- 
tanium eiiiclcfe, (anle^um siliolde. tungsten sllidde, mo- 
lybdenum «lllc]dai nickel siHofde, cobah silicide, tanta- 
lum oarbide, tantalum boride, potysfficon, gamDaniunr*, 
W, Ta. Tl. 1^0, TjW. boron cartiid^, Cu and the Jlka. The so 
materfal uaeri for a lunotlonal inlerrr^edlate f\\m which 
furK:tlQr» aa a diffuelon barker iayer can be selected 
from ftr>y one of the fdlowhg gro wp$: ternary component 
amorphous materJate (Ti-Sr-N, Ta-S-M, rj-a-^f), conduc- 
tive nJ^lde {titanitsrr alymfnt/m nitfkfs. Zr nitride. Hi ni- ^ 
If fde, Y rtitrlde, Se nitride, La nHride, rare earth r^rlde, 
N deficient Al nitride, doped Al nJirlde, Mg nitride, Ca 
nieKde, 9r nitride, Ba r^ride» TIN, GaMi NI nitride* Ta ni- 



tride. Co nitride, W nitride), and the l»ce. The materials 
used for a function^ intonnedfate film used for an ad- 
he$lon or glue layer includa TO, Ta. Ti, Sn, flu, In, 
ir, Rh, andsllfc^e compound (Ml eilfoidej Coslllcidd^ 
Wsiilofde). 

AccorcSng to some speclfrc embodiments, ^e present 
Invention also forms a high-dlelectrfc orf erroelectdc o)dde 
film on the top fiorfas:^ of a pEaUnum film after depositing 
the platinum fttm, Foreixampla, materfa! usedlbnhe high 
dielectric film or the ferroelectric frJm rr^ be eelected from 
arty one of the foilowrng groups: a peroveidte atructufe ox- 
fcJe,euchasBT{BaTO3). BSTlSa^^Sr^TrOa), ST(SfTi05), 
PTfPbTjOa), PZriPbiZx, Tip^, PLrpb.^.jLa^T\0^l PIZT 
(x^/zPb,.j,La^)(ZyTi2),.x«C^3. PMNCPfaMg^sNba^Og). 
lITaOg, KNbOa. K(Ta, NbJO^, CaTiOg, SrSnO^, NaNbOa. 
LaAtO^^ YAIO3 apda bismulh-layered perov^kiie structure 
oxide, such as SrBiNbO^, SrBr^TfgOg, SrBlgTa^Og, SrBI^ 
{Ta^Nbi^jjjgOg and Bi^Tf^O^g); a tungsten-bronze t^^pe 
stfuctUTB oxide 6uch as Sr^^x^a^Nb^Oe, (Sr, 
Sa)Q.fiR^Nao^Nb206(R; Cr, Y). (Pb, Ba)NbPfi, (K,Sr) 
NbgO^, (Pb, K)NbaOe). Pb3KNbs0^5. K^U^Hb^O^Q, and 
(K, Na}3Li2NbsOiff, KgUKbsO^s; ReMnOg (where Fte is a 
rare-earth elerrenl); BaMF^ (where M fe Ma Oo, Mg, or 
Zn) and KMgFg. 

in accordance wHh the preserit invention^ the plati- 
num film may be deposited by employing any one of the 
following meihods; the DC/RF magnetron sputtering. 
DC/Rf epullering, metal organic ohemscal vapor depo- 
$ilion, partially Ionized beam deposllbn* vacgum evap- 
oration, laser abiatJon and etectroplaiing. 

As dfsctissed below, 11 has been obsen/ed that the 
platinum film formed by the present Invention has two 
important characteristrcs. First, It has bean found that 
the platinum film has a dense mlcrostructure. Second, 
the platinum film formed in accordance with the preeent 
invention doee not hasre plnehoies, voids, or hillocks, fri 
th)e dsn«e platinum fllra without pores and/or hfilocks, 
the oxygen can not eaefly diffuse through the platinum 
film 10 the functional Intermediate film, Thfs because 
the platlntim film according to the present Invenlton has 
an ab&ence of voids between the grain boundaries 
w^jch are likety to exist in a platinum film with acolumnar 
siruclure, such as formed with prior art methode. Miftfo- 
slructyre« shown by transmissfon efectron microscopy 
reveal the nonnsolumnar^ tntdcale grain boundary con- 
figuration provided by ttte con^lax granular stfuciure of 
i^inun^ trim formed by the rriethods according to the 
present Niventlon. As a result of tlw grain atructure, the 
pfalinum films formed by die present invention can serve 
as oxidatlcHi ban-lers for preventing the oxidation of 
functional ^termediate film. Furthenmore, (fee to their 
well-enhartced ojygen ticking function, the platinum 
flbiw according to the present Invention can inhibit the 
buckling phenomenon^ such as caused by the nitrogen 
gae generated by the oxidatoon of the functional inter- 
mediate fikn formed from TtN in accordance with the pri-- 
Of art piatinimt titm deposition methods. 

In addition, rt has been obaen/edihat the preferred 
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orientation of 1be pfattnym film of the prss^rtt ffivenlton 
can be controlled by changmg at teset ono oJ the foltaw- 
\ng parameters: partfaF prss&ijf« ralfoft of oxygen^ n«ra- 
gm and the mixture thereof io ttia entire gas In the at« 
mosphere employed In dspos^tingth© second thickness 
platinum part of the pjatlnuiT^1llm;ihQ tomperBtureofthe 
substrate during the dapcjsitfon step; the annealing \em- 
perature; and th^ ratio of the thickness of thefirsi thlok- 
ne&5 platinum part to the t<^t thfelaieaa o1 the platinum 
fffm to be daposJted 

In accordance with eome specific embodfments of 
lh& present ^ns/ontfon, the platinum depositing step can 
be perfoniiBd In three or more g^parate processes for 
even more precise control of the dimension and/or prop- 
erties of the platinum filnn. As alread/ mentionad above^ 
the preferred oflentatlcn of the platinum illtn can be cor\- 
trolled by one or more factors among; the partial pres- 
sure ratios of oxygerij nitrogen and/or mixture thereof to 
the total deposition atmosphere gases in the atmos- 
phere for depositing 1h$ second «hlcl<ness platinum part 
(or subsequeni parts) of ihe platinum film; the tempers- 
ture of the substrate during the deposition process; the 
annealing temperatu re; and the ratio of lha thfcKness of 
the ^ret thickness pla!inijnn part to the total Thickness of 
Ihe platinum film. 

Atxjofd^ng 10 the present ffiventfon, i{ Is possible to 
mantrfaoture an electronic device compflstng a bottom 
eieotnadftof defect-fras platinum film which preventeihe 
os^atbn of the tunottonal Intermedials fNm disposed 
under ttie bottom efeclrode and has controlled orienta- 
tion. 

Frgs. la to 1d show steps of mantifaeturmg a sam- 
ICJonductor device comFwisinp a plat^um iM deposited 
on a QUbetmta 100 accortihig to a specie enribodiment 
of Ihe presem Inventton. Referring to Fig la, afunctional 
intenmedlatfi fllnfi 104 (suoh a$ diffusion barrief Jayer, h- 
sumiSon fayw, conductive plijg layw^or adhesion la^r) 
fef<^med over »i;bstmte 100, and a platinum fayer 108 
is deposited on the f unctlonat fntermediale film 104 to a 
first thickness unde/ an Inert gas almo^hare such as 
argon. As mentioned above, the Inert gas also may be 
edactad from Ne, Kr, Xa, eta The first deposited layer 
108 of the pMtnm) f»lin is referred to as "^trst Chicl^eea 
p^tnum part*" or 'tirst thickness part of the platinum film. 

Following this, another platinum layer 112 is depos- 
ited direolJy on the frrst platinum layer 108 to a second 
thickness under an atmosphere containing oxygen com" 
ponents, as shown in Fig, lb. This platinum layer Is re- 
ferred loas "second thickness platinum part"* or "second 
Ihicl<n8ss part of th? platinum film." 

After depositing the second thiokness prailnum part 
112, both parts of the platinum film, 108 and 112, are 
annealed in vacuum at a temperature of about 400*0 to 
about yoO'^C to remove oxygen components. As a result 
of this process, the ptetfnum film 103 and 112 are 
changed Io a platinum layer 116 substantially free of the 
oxygen component (Fig. le). clarity, the platinum 



layer 11 6 wilt also be referred as the ''^nealed platinum 
film.'* As can be understood from the above, the 
nealed first Ihbl^sss part 108 and the annealed second 
thickness part 112 will form a ptellnum ftlnn 116 to senfe 
s as a bottom etectrode in an electronic devloa. 

In manufacturlf>9 m electronic device such as ca- 
pacitor, it is possible to form a high-dielectric or ferroe* 
(ectf Ic oxide frlm 1 20 on Ihe top surface of th e annealed 
plattnilm ft!m 116, after the platinum film 116 is formed 
^o as a bottom electrode, and then to deposit a conducth/e 
film, prefsrabfy a pfatmum film, over the oxide ^Im 120 
to serve as a top elBclrode of the eiecTronfc devrce. 

In the platinum film 116 serving as a bottom elec- 
trode, the Aral thickness platinum pert 108 can be 
formad to a thickness so lhat it can prevent oxygen, 
which may be introduced during depositing the second 
ihicknesE pfetlnom part, from diffusing to the functional 
intermediate film through the first thickness platinum 
part. In thrs regard, ih^ first thickness platinum part can 
^0 be deposited \o a thickness for appropriately blocking 
the oxygen diffusbn lolhe functional Intsnnediate Isyer: 
For example, the first ihickness part 108 may be very 
ihin to the extenrt of 5% of total thickrtese of the platinum 
film 116. 

2£ Meanwhiler the annealed platinum film 116 can 
have (200). (111}^ (220)^ or mixed ((111). {200) ancifor 
(220)} preferred orientation. As can bo seen from the 
experimental data to be explained hereinfaeloWj the pre- 
lerred orientation can be conlroMed by changing one or 

50 more faolors among: the partial pressure ratios of oxy- 
gen, nitrogen and/or mixture thereof to the total deposi- 
tion atmosphere ^ases tn the atmosphere tor depositing 
second tl^knese plating part of the platinum film; Ihe 
temperature of the substrata during the deposition proc* 

55 ess; the annealing terr^erature; and the ratio the 
thlcki^e&s of the first thickness plattnum part to the total 
thickness of Ihe platinum film. *n connectfon with con- 
trt^ Jing the fweferred orientation of m annealed p latlnum 
film, ft IS preferred lhatthe thickness of thef Irstthtt^kness 

^0 part 1 08 does not exceed 50% of the tctat platinum fi^ 
sending as a botiom electrode. 

In accordance with other specific eri^odimenls of 
the present Invention, Ftgs, 2a to 2q show nwdifiBd 
methods to those of Figs. 1 a to 1 d. Similarly as in Figs. 

4s la, the fUnctk>nal Intermediate fFfm 104 (suoh a^ difiii^ 
sion barrier layer, insulation layer, conductive plug layer 
or adhesion layer) is formed avsr substrate 100, and the 
firs! thickness platinum part 108 Is deposited m the 
funotiona! intermediate tiim 104 to a ilrst thickness under 

so 3n inert gas atmosphere such as argon. As mentioned 
above, ttie inert gas also may be selected from Ne^ Kr, 
Xe, etc. Following the steps of Rg, 1a, a second thick- 
ness p\B.{imm part 124 is deposited directly or^ the first 
piatinjjm layer 108 to a secor^d thickness under an at- 

£s mospriera containing inert gas and nitrogen gas, as 
shown In the embodiment of Fig. 2a, Allernaliveiy, fd- 
low?ng the steps of Fig. la, a second thickness platinum 
part 128 Is deposited directly on the first platinum layer 
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108 to a seooml thfcKnees under a depasitfon atmoa- 
l^ere contemning \n&iX ga& and a mbdurs nitrogdn gad 
and ox/gen gas^ as s^n In Ihe smbodinrtetit of Fig. 
Zb, Then, both pa^s of th9 platinum Hlms (108 and 124 
for ihc «nlK>dlm0nt of Fig. 2a, or 108 and t28 for Ihe 
embodiment of Fig, 2b) are annealed to remove nitrogen 
andtor oxygwj thsrefrom, Slmlfarf/ ae for F^. ic, the 
reference numeral 116 Indicates t^ie annealed piatlnurri 
film, Which ie substantialV free of nftrogen and/or <»y- 
gen after annealing In the vadous specific embodf- 
msntd. F^ollowlng the annealing, a high^dleldctrb or a 
ferroelectric oxide fflm Is dopo&ited ontheannealed piat- 
inum film 116, I.e.. on the top sUfface gf ihe bottom plat" 
Inurn eleclrode, eimi/ar \o Fig. td. According to another 
specific embodfmsnt as cm be seen fr<^ Fig. 2c, it \s 
possibb to form an insLflatlon layer 1 35 on Ihe substrate 
100 before depositing ih© tunctfonal rntermediste film 
104 to insulate the jsubstrate 100 and the 1unct«onai In- 
ter medlste lllm 104. The Insulallon layer 132 can be 
formed from anyone of; SlOa, S]J^4, BPSQ, MgO, CaO, 
CaF^^ Al^jO^, I^Oa, B6G, PSQ and the like Insutaltng 
nnaferfafs. 

Deecription of exemplary integmled qirctijl devices 

Ffg. 3a represents a schematic diagram of an ex- 
empfafy Integrated ccrcuit device, such as a DRAM calf 
with high drelectric capacitorej which may be fabricated 
In acckOfdance with the present inventicn. As seen in Ftg 
3a, formed m ttie DRAW ceil r egfon of a substrate 400 
PS a transistor having a gate electrode 402 and source/ 
drain regions 404. Gate electrode 402, which may be 
tofmed wfib doped or undopad polysUlcrai, )s capped 
with a eidewail oxide layer 406, and field oxide 408 pro- 
vides Isolation. Also formed In Ihe DRAM cell region Ie 
a high dfefeotrk> capacitor. The capacitor Includes an up- 
p&t oapaoitor celt plate 410, a bottofn capaaitor etor^e 
rM}de 41 S, and a high dletedrjc conetant materJal 414 
fomied beiwe«i plate 410 and node 41 Z The capacitor 
ie isolated from the tranGtelorby an kiauiattng teyer 418, 
except tiiroti^ viae through layer 418 whfoh are fiNed 
with a polysBlcon pJug layer 4S0. Ineulatlng layer 418 
may ba ntade of SPg, BRSS, etc. A difluslon banner 
layer 416 ie fonnned betwreen bottom capacitor storage 
node 41 2 and poiyelDcon plug 420.' As discussed above, 
the present liwentlon may bo u$ed to depose or^nta- 
tion-controlled platinum (or uaa ae boUonn capacitor 
etcrfags node 412 andtor upper capacitor cell plate 4t0. 
For example, ae iftjstrated in Rg. 3a, abottom eletlrods 
of platfnitm film 412 may bedeposlted on the top eurface 
of diffusion barrier facyer 416 v^fch h formed on the con- 
ductive plug layer 420 of poly$iflcon In order to prevent 
formation of sfiicfde between the poiysllicon plug layer 
4Z0 and Jhe platinum electrode 412 in a DRAfW memory 
cell 

Fig. 3b represents a schematic diagram of an ex- 
emplary Integrated circuit device, $iich as a non-volatile 
ferroelectric momoiy devrce, wfifch may ateo be fabrh 



cated accordance with the present Invention. As seen 
In Rg. db« fomied In the cell region of a substrate SCO 
Is a trsBislstor ha^ng a gate electrode 502 and eourcte/ 
drain regions 504 Alsofomned In ^e non-volatile ferro- 

s elei^rlc rv^mory device Is a lerroelec^ic capacitor. The 
capacitor Inoludas a top capaxitior elecliode ai 0. a bot- 
tom capacitoir electrode and afarroetectric material 
614 (e.g., PZT) formed between efftstrodes 510 and 
512, Formed underneath the bottom capacitor electrode 

to 51 J> Ie a buffer layer B 1 6 {e.g., TlOg) formed over an in- 
eulatlng layer 51 S on subetrate 600. As diecuesed 
above, the present invention n^y be used to deposit cri- 
entation-contTolied platinum with good adhesion 
atrenglh for use as bottom eiectrodo 512 and/or upper 

IS electrode 510. 

Ffge. 3a and Sb are merely representative exam- 
ples of Integrated circuit devices Which may be f abrfcat- 
ed in accordance with specific smbodin^ents of the 
present Jn vsntlon. Other devices also rney bs fabricated 

so in accordance v^lth other spscfJic embodiments. 



Descfiotipn ol exemplary substrate pfoc6eein<:f 
appargtif3 

In accordance with tiie present invention, the plati- 
num film may be deposited by employing any one of the 
following methods: the DC/RF magnetron sputtering. 
QC/RF spuUenng, metal organic chemical vapor depo- 
Gition, partiaiiy Ionized beam deposition, vacuum evap« 
w oration, laser ablation and eleclroplating. 

Fig. 4 is a eimfiMifled diagram Hlu^rating an exm- 
ptary ewbetrate proceeemg apparatusj such as a DC 
spuaering apparatus 600, which may be used In accord- 
ance with a specific embodiment oj tbe present inven- 
ts tlon. in U)e exemplary sputter deposition system of Ffg. 
4. a pfet^nym target 602 (a plate of the platinum materbi 
ffiat ifi Id be deposited) h connecled !o a DC power sup* 
pfy 60B (altarnativeiy, in a RF spsmerlng system, taiget 
602 )& connected to a JF\f power supply) at a negative 
^0 voltage and about 1 00 Ws^ to 2C^ Watt povver while a 
substrate hoklar 604 facing target 602 ie grounded (as 
seen m the speciilc embodiment of Fig. 4} or/and heated 
by a heater unc^r substrate holder 604. (n specific em- 
bodfmenls, platinum tai-get G02 may be a 2 inch, 4 M 
4P or 6 Inch diameter target tor a 2 Inch, 4 inch or a inch 
diameter substrate, reepecJIveiy. In the specific embod- 
Im^te cSscuesed below, a 4 inch diameter vm^ used for 
target 602and tha substrate. An Inert gas, such as argon 
in the specific embodlmenti Is flowed through a gas line 
so 608 at a rata controlled by a ma«s flow conlFoller 61 0 
Into theaystem from an argon source 612. Asmentloned 
earlier, an ^ert gas can be selectad from Ar, Ne, Kr 
Xe, in accordance with various specific embodbnents. 
In embodiments where nitrogen Is used, nitrogen ateo 
ss Is flowed from a nitrc^en source 614 through gas line 
BOS at a rate controiied by a mass fjow controller 610. 
in embodiments where oxygon ra used, oxygen also is 
flowed from ah oxygen source 613 through gas line 608 
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a! a rare conlfoHed by a mass ffow cOTtroller 6l 5. !n the 
specific emi^odlm^nt. valves ai B ara also used for irtert 
gas eoyrce 612* oxygen soiirce 61 3 and n^tro^en source 
514. tn the sp^o^ic embodiment^ Ihe system fa lypicaHy 
mainlalned at a basic pressure on the order o1 about 
10'^ Tort using an exhaust valvo 624, lo proWda a me- 
dium In wli^cb a gJow discharss can bs fnitlaied and 
(t^lnialned. When the glow discharge Is etartod, posl- 
ftve ion*str8<6 target 6C?2^ andiarget platinum atoms are 
rermoved by mom^lum transfer. Whan a eliding shutter 
820 is adjusted la expose subetfala holder 604, these 
targat platlium atoms subsaqeently condense tnio a 
thin prathum film on a siAistrato 622, which is on sub^ 
strale holder e04. Target 60e and substrate holdar 604 
are lilted to each other by sibout 30* 6n th& « paclflc anv- 
bodlrflenL Substrate holder 604 rotates duiing gutter 
depo^ion for obtaining unlfornn platinum film daposltion 
over BUbstreta 322 at a rdtating epeed oT about 3 ravo- 
luiiwis par nraViuta (rpm), acoofding to lha specific am- 
bodlmertt. Prior to sputter deposition, aubstrateeafi was 
loaded usinga nidgnetio bar into system $00 through a 
load lock charnber (noi ehovm) oovpled to tha niiain 
chamber cpniafnlng substrate hdder604. During sput- 
ter deposition, the totat gas pressura withirt lha main 
chamber o1 system eOO is cwjtrolled to a set value by 
exhaust valve 624, which is connected to a pumping 
system (not shown). Exhaust valve 624 alsocontrols the 
flow of exhaust Uom system 800. ft noted that no aux- 
iliary electrode is required with the exemplary spuHef ing 
dflposltion system 600 in order to deposit a pr^aterred 
ofientation-contfoUed platinum film onto substrate 622, 
which is a silicon substrate m the spectfic embodiment. 
For some embodiments, a rmgrtetrort gun may a(so be 
used to prov^ide DG/RF magnalron eputter^g, 

Oescflption of exemplan: antl^xic^tlon p^atir^um 

deposition processes 

jn accordance wSth the present invention^ exempla- 
ry processing conditions for sputter depoaHmg ant^^3xi- 
dation platinum using an inert gas, such as argon in the 
Bpedfio embodiment* and an oxygen and/or nitrogen 
deposition atmosphere are descnbed as folfows. fn tlie 
specific embodimente. the platinum fifm with anti-oxlcfa" 
tbn properties Is deposited in two steps: {i) a f?rst thick- 
ness platbum part is deposited under an inert gas at* 
mosphere, such as argon; and (11) a second thickness 
platinum part is deposited under an atmosphere of an 
inert gas mixed wMh oxygen and/or nitrogen gas. The 
platinum film of the first and second thickness platinum 
parts is then annealed In a vacuum chamber fn order to 
prevent the ftinotlonal intermediate layer formed be- 
neati^ tfie platinum film from oxidizing during the anrieal- 
Ing, After v^uum annealing, the platmumfilm becomes 
^clanlly dense that it can aot as &n antl-oxldation bar- 
flarfortheiuncilona) intermediate layer beneath it, even 
at high temperatures up to at feast about 6S0*C under 
an oxidizing atmosphere. 



Since the p^atfnum tffm in accordance with the 
present methods has a dense microstructure without 
any voids or hillocks, oxygen gas cannot diffuse through 
the piallnum 111m to the functional intermediate film. Thus 
5 the oxidation of the functional intermediate film can be 
prevented with the present invention. Furthermore, 
even If tiie functionat inlermsdsaJe fifm is formed from 
TIM, the bucMtng phenomenon is not caused smce ni- 
trogen gaSj which might otherwise be ger^eralad when 

10 7(N film oxidized, Is not generated at all. The fact that 
no oxidfzed Insulation *ilm fs formed can be demonstrat- 
ed by ktepectlngihe cross-sectional surface of an eiec- 
tronlc device Incorporating the platinum film witli elec- 
tron microscopy or by measuring contact resistance of 
the platinum «tm. 

It has been also observed that the preferred orlen- 
lallon {{111). (200), andfor (£20)) erf the platinum fifens 
can be easily controlled by changing at least one of the 
following paiameters; partial pressure radios of oxygen, 

^ n^rogsn and/or oxygen-nitrogen mbclure to the lotaf gas 
pr«seujre of the atmosphere used In depo^mg the sec- 
ond Ihlckncsss plathum pan; the substrate tt^mperaiure 
during tiie platmum deposK'ion stepi artd annealing tern- 
perature. Furthermore, the preferred cn'lentatiDn also 

^ can be changed by varying the ratb of Hie thickness ej 
the first thlc)viass platinum i^rt to the total thickness of 
the pfat^num film. 

In aocordanoe with specific embodiments, pre- 
(errad conditions for fomnlng antl-oxidation pfetfnum in- 

30 Gluder the thicknesa ratio of the first thickness plsUnum 
part to the lotal tl^kness of the platinum film is about 
S% to about 50%, the substmte temperature Is not ex- 
ceeding SOO^C and more preferably about room terr^- 
peraturc to about SOD'C, the oxygen and/or nitrogen 

35 partial pressure ratio to the total pressure during the 
sputter deposition of the second thickness platinum part 
about 9% to about 30%, and «ha temperature of vac- 
uum annealing is not exceeding 700° C and more prel* 
srably about 250^0 to about 700" C, 

40 \[ noted that the values of these process variables 
may not be universal (i-e., the value of a certain variable 
to achieve some property of the film may vary according 
to the specific substrate processing apparatus used). 
For example, these vaiiables may vary depending on 

4S the geometrical factors of chamber volume, target-sub' 
slrate distance and other properties, such as tlie mag- 
netic field Intensity of the magnetron gyn if a magnetron 
sputtering e^paratusls used. 

so ExPMfmantai Results 

The advantages and effects of the present invention 
Will now bs explained In detaiJ with reference to the ex- 
amples which Illustrate the proc^Klures and condhicms 
of tests performed, and with reference to results from 
prior art melhode. 
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Examples No. 1 

A polysHlcon fayer was lornned on a substrain (sili- 
con wafer}, and then a Ti^f film which s&p/bs as a diffu- 
sion b&rmt layer wae deposited on the polysfllcon iayec 
Foilcwin^ thl$. a platinum film of aoOftA tdal Uifckness 
v/^« formed on the TiN film lirt two separate sle^ using 
following method and condition*. 

* DeposKfon melhod employed: DCVRF maer^etron 

*• Basic prefisure: 1 xlO-^ Torr 

* V^er rotating spead: 3.5 rpm 

' First daposltbn siep of platinum libn 

' atmosphere: Ar 

* stjbstiBia tamperatufs: 300*c 

depoeltton ttiioKne$$: 6C0A (600AaS000A = 

30% total thicknees) 

■ Second dopoeJtion «lap of ptat^uno film 

- d^poslJlon atmosphere: Ar-iO^ {jpaftlal prea* 
sure ratio of O^: 6%) 

deposition thlckn885:1400A (140DA/2000A = 
70% total thjckrie^s) 

* Anneafmg condition : 5x10"^ Torr vacuum, 60o'*G 
tor 1 hour 

Exanrote No, g 

Deposition of pJatfnum film was peifontied under 
the same condition as In th» Example No. 1 except that 
the partial pressure ratio of Og was Increased to 10%, 
th& first deposition thickness was 150A (15OA/200oA ^ 
7.5% total thickness), and the second d^Deilion thick' 
nese wae ISSOA {1B50A/2000A ?= 92.5% total thick- 
neee). 



Deposllfon of platinum film was per^onned undar 
thsaame condition as in the Ejfample Mo, 1 except tha? 
lha partia} pressure ratio of 0^ wae Inoraafied to 1 4%. 

Example No> 4 

All of the oondltlona were the aame with those In 
Exan^le No. 1 exoepl that N2 was used h the atmos- so 
phere for depoeiting the second depositton part o( the 
{(^tfnun) in ptace of O^, and the partial pressure ratio of 
Ng was 6%. 



with those In Example Mo. 4. Bcample Mo. 6 

Except that oxygen-nitrogen mbrtufe wae used in 
place of in the atmosphere for depositing the second 
thickness part of the platinum, the other conditions wens 
^ the same with those In Example No. 1 . 

^xam^leNa? 

First, m Ineulatk^ Myar of Sio^. formed on a 
10 eubsfrate (ellieon wafer) and then a adhesion layer 
wa& formed on the StO, hyer. Folfowinglhls, a pla&tum 
film of 2000A totaT thiokness was deposited in two steps. 
Deposition n^thod» Ijaslo vacuunn preesure, and wafer 
rotatkifif ^eeef employed In this oxample wera lh« sautic 
IS with thoee In gSGimple No. 1 . 

" Firet daposE^ eAtp of pJatlnuni film 



deposition atmosphere: Ar 
substrate temperature: SOO'C 
' ffrst deposition thickness: 1 SOA 
(150A/2000A ^ 75% total thickness) 

" Second deposition 5tep of platinum film 

substrate temperature: SOO*C 
second deposition thickness: 1S50A 
(1SS0A/20£>0A = 92,5% tolaJ thickness) 



so « Annealing conditions; 5x1 l>s orr, 650"C for t hour 



Example No-_i 

A pletlnufn film wae termed on a substrate in the 
3S earns method as that of Example No. 1 . The <Se(«>sllIon 
condrtions were as foiJows. 



Deposition method: DC/RF ma^etron sputtering 
Basic pressure: 1x10^ Torr 
Wafer rotating speed: 3.6 rpm 
First cfeposHion etep ol piatlnum f\kn 

- atmosphere; Ar 

* stibslrsle Jemperature: 200*0 

- deposNlon thickness: 40DA [400A^OOA ^ 
20% loial thickness) 



Example No. 5 

^oept that Ihe anneaHng temperature wae 
changed to SOO*C, the o«ier ccwic^ione were ihe aame 



Second cfeposltfori step 

- atmosphere: Ar+O^ 
« eubstnata terr^erature; aoo^C 

- deposition {h1okne$e: I6OOA 
(1 eooA/SOOOA » 80% total thickness) 

* anneallr^ eondftione: 5x1 D'^ Torr» eoo^C for 1 
«f hour 

Fig. 5a and Fi^e. 6b to 6c are tranemlssbn electron 
microecopia piiotographfi showffig platinum ilhis 
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formed, respecfivaly, by a prior art methodanaiiie melh- 
od Qt Example No. 2. In particular, the photographs 
show whether a TiO^ layer Is tormsd between the TIN 
layer and 1h9 platinum film or not. From the photograph 
of Fig, 5a, it can be sssn that an rnGUation Jayaroi TiO^ 
Is formed betweor^ ihe TIN iayer arjd the platfnum Rim. 
Jn contrast, as can be seen trom Rg. 5b, the platinum 
film according to the present Invsntlon is brmed directly 
cn the top surface of the TIN layer without any oxidized 
InEUlalion layer, and Jhe platinum film has dense gran- 
ular strtjcture (Fig. So), The other pialinum films ob- 
tafnedfrom the above examples otherthan Example Na 
2 have shown the same m\i\\s as for Example No. 2, 
although the pho509raphs thereof are not prasentod In 
th6 drawings. 

F»gs. 6a and 6b are scanning electron microscope 
mfcrographs o1 ap^anarvlewand a oross^sectlonal view, 
re^actfveSy, of a commercially available platinum film 
daposlled on a Tl/SiOa/Si substrate by spUtenng and 
then ann&aied at 600''C for 1 hour In arr. It can be ab- 
sarved thai many white spots With <^nieters of about 
O.S\m\ aro well disperssd over Ihe micrograph in Fig. 
$a, and th^re are some proirasjons on the Irim surface 
In the cross-sactlonal vtew of Fig. 6b, which h more 
hl^ly magnified than Fig. 6a. These spots or protru- 
slons are genera^ f^fefrsd to as hMlooks. It \b Known 
thai htllocke ar& formed to release compressive stress 
in metallic fflms when metaHfc t^lms are heated. It has 
beer) reported \hat these hiilocks can result In shc^ dr- 
puHe between top and bottom eteotrode through oxide 
thin f IJma in elecironio devitjee Eund the dameter of the 
hiilocks are tn the range from Cljjin 1o 0.^. 

Figs. 7a and 7b shows<sanning«lec!lrw microscope 
nrucrographs o? iaplanarvtewandacfoss-seoltanalvlew, 
reepecilvaly, of a platinum film Jormed by a prior art 
method. The plalfnum film was deposited on a TBM/pofy- 
sIDoorVSI sub^rate by sptitler^ng and then annee^ed at 
eoa'C for 1 hour In H^2r "^9- 7a. rnany henrtlspher- 
ical protrti$lon& can be observed, and dark spots wth 
Ifreguiar sh^e and atee ranged between O.ljjrt and 
0.4fim can also be seen. These dark spots are pinholes 
formed due to tensile stress. ]n the crass-sectbnal view 
of Fig. 7b, it can be seen that the h^tmisphere* con^sl 
of two layers of R and TiNF films, and the s^d?a of films 
are de-laminated from the substrate. This reveals Ihe 
occurrence of <he phenomenon known as buckling. 1^ 
has been reported that the bucklmg results from nitro- 
gen gas generated during oxtdatlon of the underlying 
TIN film. As disoussed earlier, when art oxide film is de- 
posited on a Pt/TiN eubstrats ynder an oxidizing atmos- 
phere^ oxygen dl{fue8s to the TiN layer through the p[ 
layer and ofxidizes the TiN layer. The buckling oan also 
result in some serbus problems^ such as short circuits 
and surface roughening of the platinum film. 

Figs. Ba to Bb and F3g. 8c show scanntng electron 
microscope nrkiorographs of planar views and a cross« 
sectional VleWi raspectivety^ of a ptalintjm liJm obtained 
from the above Example No.2. The platinym ttim was 



deposited on a TiN^o^sll^on/Sl si^strate by sputter 
ing and then ar»^aaied at 650"C for 30 min. ki air. After 
annealing, Ihe platlntim film was heat treated again at 
650*C for 30 rr^n. In air. In Fig. 8a^ ft can be observed 
s that the Ft film consists of refalfvely larg© grains, and 
there are no pinholes and no prolruslonsj such as hill- 
ocks or buckNng> In Fig. 8b which has a higher msgmfi- 
cation than Rg. 9a, Pt grains with angular shape are 
seen and no pinholes can be seen, fn Ihe crose-eection- 

IP af view of Fig. Bo, It can be seen tiat the surface of the 
R ff Im is smooth and cfean, and there are no protrusions 
like as hillocks or bucklings in the film. From Ihese ob- 
ssTVationSi it can be concluded that the pfatlnum film In 
accordance with the present invention Is dense and has 

t5 no defects, such as pores, hillocks, and buck^ings. The 
j^lms obtained from Ihe other e>tamples have shown the 
$am© feeutts in this regard, though the other micro- 
graphs are not ;ahown to avoid reduridanoy 

Figs. B3 to 9d are graphs Illustrating XRD patterns 

^0 of ptetlnum films obtained from Example Nos. 1 to 4, 
which show that those IHms have (111), (200), mixed 
(ni) and (200), {111). and (111) preferred orisnlallon, 
respectlveiy. Although the XRD pattern of the Example 
No. S Is not shown, the platinum film obtained therefrom 

^5 also had (111) preferred orJentatlon. Showing the XRD 
intensity in arbitrary unhs (atiO in relation lo 2Q fde- 
grees), Figs. Sa to 9d are the lyplcai ©-29 scans of the 
p^tir^um f))ms using Cu K^^ radiation In the X-rsy diff rae- 
tometer performed ?n order to find the grains of the piat- 

se inym films oriented with specific pianss. Frorn the ex- 
periments, it b concluded that the preferred c^lentatbn 
of platinum film can be controlled by cNanglng at least 
one of the foNowing parameters: the partial pressure ra- 
tios ol oxygen, nhrosen andi'ormbcture thereoJ; temper* 

^ alure of substrate; post-processing (annealing) condi- 
tions: and the m\o of Ihe thickness of the firstly depos- 
ited platinum part fo the total thickness of the platinum 
flira 

if the ptettnum film ol the present Invention Is ap- 
40 p6ed as a bottom electrode lor a capacitor on a func^ 
tionaUntermediate film, such as a polyslNcon plug layer 
and an adhesion layer, of whfch Ihe former may be em- 
ployed in DRAW cells arid the fatter may be employed 
nor^^volaclid memory ceils, oxidation of the functional kt- 
45 termedfate film can ba prwented. Notably* even if TIM 
Is used for a diffusksn barrier layer or an adhesion layer, 
the buckling phenomenon is not producedat all with ^he 
present Invention, elnce the TiN layer is not oxidized dur- 
fng the post^processing including the deposition of a fer- 
£0 foeiectric oxide f IJm on the bottom e lectrodet oi platlnu^yi 
i\kn and thus no gas Is generated during the po3l- 
prcceasing. 

Further, there aro no pineholes, votds^ or hlltocks In 
Oie platinum film obtained in accordance with the 
^ preser^t invention. In addition to the above, since pre- 
ferred orientation ol the platinum film can be controlled, 
the characteristics of pialinum films can be adapted to 
electronic devioea In which the antl^dalion platlrwrn 
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fifm W]|j be employed aa a botlom electrode- 
It should he understood tha? tha above descriptioa 
Is tnt^nded to be lltustratiVB and not r&strlctlve. Maay 
ambodiments will b@ apparent to tho$e o1 $kll1 fn ths art 
upon reviewing the above description. 8/ way of dxam- 
pte, the nventbns herofn have been Illustrated primarily 
with regard 1o spaclfic experlmertts on examples dt ptet« 
hum filtiid formed fn tifvo dt«ps, but W shall be understocKi 
that those films can be formed tn more ttieri two ^tepe. 
For example, the secondthickneee platinum pads tfiere- 
0^ can belbrmed fn two or more separate stops. Fur- 
th^rmore^ the Invention shall not be limited by Ihe types 
of functional Intermediate films but ahall be intorpreted 
to Include all of tiio modifications If the platinum f^m Is 
deposited In two or mor« steps and ^e Hr^t thickness 
part thereof is dgposlJed under an Inart gas atmosphere 
and Ihen dspoBltion of Ihe second thickness part fol* 
lowed by annaaBng process fs performed urffiler an at- 
mosphere conialnInQ oxygen and/ox nitrogen. Also, the 
annealing prcicess perfornied after the platinum depo- 
sillwi may ba performed in-sllu, orin a dlfferarvt chamber 
from tb& deposition chamber. Those skilled )n the art will 
recognlz^B other equivalent or all^rnativs methods of de- 
positing the oflentailon-comrolled platinum layer whib 
renr^aining withrn the scop© of the claims of Ihe present 
invention. The scope o! the invenllan should, therelore, 
be determined not with reference to the above descrip* 
l^on^ but should instead be determined wfth reference to 
the appended claims, along with the fyll scope of equiv- 
alents to which such claims are entitled. 



Claims 

1r A method tor foniiing an platinum film used for a 
bottom electrode for a capacitor of a high density 
DRAM and a non-volatile memory device compris- 
ing steps of: 

providing a substrate; 

forming a functional intermediate fiCm on the 
subatfate; depositing a platinum film on the 
hjncllonal intermediate film in ?wo depositing 
processes, wherein a first thickness pfatinum 
part there{^ ^ firetly deposUed under an inert 
gas atmosphere and Ihen the second thtcknass 
plaitmum part thereof \& deposited under an at^ 
mosphere contatning oxygen andAsr nitrogen 
inclc/ding at (east one of O^^ O3, N2, M^O and a 
mixture thereof together with an Inert gas; and 
ann eating ths platinum ^tm under a v^uum at- 
mosphere to remove the oxygen and/or nitro- 
Qen Introduced during the depo^Hcn of the sec* 
ond thkJkne«s platfnum part, wherein the platl- 
nymJHm has controlted preferred orlanlatlcKi af- 
ter being annealed. 

Z The mslhod of claim 1 * wherein flie functional inter- 



mediate film is any erne of a diffusion barfler layer^ 
a conductive plug, an adhesion tay^ir and an insu- 
laiion layer 

s 3, TT19 method of claim 2, wherein the functional fnier- 
medfete film fs a conductive plug and formed from 
a materfal selectedf rom the group consfsllng cf TiN, 
ZilconHtm r^tride, Ittanlum siliclde, tantafumsflblda, 
tungsten siiicidet molybdenum sllicide, nicKei sllj- 

10 cide, cobalt sillcide, tantalum carbide, tantalum bo- 
ride, poiyslllcon. genmanlum, W,Ta. IT* Mo, TiW, bo- 
rod carb^dd, Cu and the like. 



4. The method of claim 2, wherein the functional Inter- 
is mediate film is a ditfuslon barrier layer and is foi'med 
Uism a material selected from the group consisting 
of ternary component amorphous materlate (TI-SI- 
N, Ta^B-N, Ti-B'N), conductive nftrlde panium afu* 
minum nitride, Zf nHrJde, HI nitride, Y r^itnde, Se n I- 
tf ide. La nilrlde, rare earth nitride^ N deficient Al nl- 
lride» doped A? nitride, l\^g nitride, Ca nitnde, $r ni- 
tride, Ba nitride, TIN, GaN» Ni nltrlde> Ta nitride, Co 
nitride, W nitride}, and the like, 

2S s. The method of c\&\m 2, wherein the lunctjonal Inter- 
mediate film js an adhesion layer and is formed from 
a material setecled from the group consisting of T\K 
W, Ta, Ti, Sn* l=iu, tn, ir, Os, Rh, silicide compound 
(NI siilcfde, Co siiiokJe^ W sllioide), and the Hke. 

$0 

6, The method of claim 1 , M/herein the lirsi thickness 
platinum part Is termed to an extent that it can pre- 
vent the diffusion of the oxygen which c^ be intro- 
duced into the platinum film during the second thick- 

s& ness platinum part depositing step. 

7, The method of claim 6, whe rein the thickness of the 
first thfc^ess platinum part is 5 to 60% of the total 
thickness of the ptatlnum dim to b@ deposited 

40 

S- The method of claim 1 ^ wherein the preierred orien- 
tation of the platinum film fs cor^trolfed by changing 
at least one oi: partial pressure ratios of oxygeni ni- 
trogen and the mixture thereof to ths entire gas in 
the atmosphere employed in depositing the second 
thicltneEs platinum part of the platinum film; the lam- 
perature of the substrate during the deposition step; 
annealing tempf^aturei and. the ^lio of the thiclc- 
ness cf &ie Ifr^ thickness platinum part to the lota^ 
fio thickness of the platinum film, 

9. The method ol claim 1 , wherein the Inerl gas Is 
lected from Ar, Ne, Kr, and Xe. 

5^ 10. The method of claim 1 , wherein the lempeiatore ol 
the substrate during the depositbn step does not 
exceed 500*C. 
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11. The m^hod of claim 1 , whereri thB annealing tern- 

12r Th« molhod of claim 1, wherein the deposiiting of 
platlnUfi) fM l9 performed using a process e^leotecf 
from \hB group oomprlslnfl DG/BF aputierina, DC/ 
RF magnelron sputterfng, metal ongaRlc ohamloaf 
vepof depoettlon. vacuum evape^allon deposiilcsi, 
las^r eblation deposition, parMfy foRizBd beam 
d^o&ftkHi, and sleetrcplathg. 

10. The method of claim 1^ wher^n ih& €ubs]rat« \& 
formed tiom a material selected from lha group con- 
sistlrig of ellteon ^Sl}> germanium {G&) artd diamond 
(C); oonripound materials such as GaAs, InP, SiGe 
and SiC; ceramic «tngle crystal (SrTIO^, laAlOa, 
At^g. KBr, NaCi, ZrO^, ^^N^, TlOg, Ta^O^, AIN) or 
poly-ciysTEtis ttisreol; metal {Am. Ag, Al, fr, Pt, Cu» 
P4 Ra, W); and amarphwjs^giassy maleriafs {B5G» 
PSe, aPSQ. Si}. S<> 



14. The method of datm 1, v\^er&]n the platinum film 
which Is preferred orJematlon-controfled can anti' 
oxidize the functiona^ fntermediate film; and further 
comprlsmg ihe of: 

forming a high d(&l«ctrfc or ferfoelectric film on 
th^ top surface oi the platinum film- 

15. The method of claim 14, wherein the functbnaJ \n- 
tefmedfata film is any one of a di^fusfon barrier layer, 
a conduolive ptug, an adhesion layer and an insu- 
Jation layer 

1^. The method of claim 16^ wherein the fiJncllonal In- 
lerniedfate nim is a conductWe plug and is fonned 
from a material selected Ifom the group consisting 
of TIM, zircor^ium nitride, titanium e^l^ofde^ tantalum 
slli^de, tungsten silblde, molybdenum elHcide^ 
nickel sillcide, cobalt sfliclde^ tantalum carbide* Jan- 
talum bonde, polysificon, germanium, WtTb, Ti, Mo, 
TiW, borOT carbide, Cu and the like. 



pound {H\ eil^clde, Co sillctde, W sifrcid@}, and the 

1 9. The method of claim 1 4, wherein the first tt^fckness 
part Is formed to an extent that (t can prevent Sie 
diffusion of tha oxygen whtch can be inUoduced imo 
the ptetlnum film durJng the secxwid thickness part 
d^srtlng step. 

20, The melhod of ci^ 1 &, wherein the thicPcnese of 
the liret thlcknese platinum part is 5 to 50% of the 
total thldcneas of the platinum film to be deposited. 

31. Vtid method of claim 14, wherein the preferred ori- 
entation of the platinum {s contfolJed by chang- 
ing at least one of: partial p rese ure ratioa of oxygen, 
nitrogen and the mixture ihoreof to the entire gas in 
the atmosphere employed in depositJng the second 
thickness part of the platinum film; the lempemture 
of the substrate during the deposition step; anneal- 
ing lemperature; and 1h© ratb of the thfckossG of 
the first thbknees platinum part to the tola^ thicK- 
ness of the piatinum fifm. 



ss 22, Hie method oi claim 14, wherein the inert gas Is 
selected from Ar, Ne, Kr, and Xe, 

23< The method of claim 14^ wherein the temperature 
of ths substrate during fhe deposition step does not 

so exceed 500°C, 

24. The method of claim 1 4^ wherein the annealing tem- 
perature does not ejcceed 70CPC. 

3B 2B, The melhod of claim 14. wherejn the depositing oi 
plallnum film Is performed us^ng a process selected 
from the group comprising DC/RF sputtering, 00/ 
RF magnetron sputterinQf metal organic chemical 
vapor deposfjion. vacuum evaporation depositbn^ 
laser ablation deposition, parliafJy ionized beam 
deposnion. ami electropJatrng. 
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17. The method of ctalm 15, wherein the functional in- 
termediate film is a diffusion barrier layer and is 4$ 
formed from a material selected from the group con 
sistJng of ternary component amon^hous materiais 
(n-B\^K Ta-B-N, Tl-B-N). condiiclive nitride (Htanl- 
alumfnum nitride, Zr nitride^ Hi nitride^ Y nitride, 
Se nilrWe, la nilride. faf& earth nJtfide, N deflcfent 
Al nitride, doped Al nitrida^ nitride, Ca nitride, ^ 
nltrlde» Ba nitride, TIN, (3aN, Nl Jlltrlde, Ta r^m&, 
Co nitride, W nttride), and the like. 

ia The melhod of cfaknISt wherein Die functional in- ss 
tefmecSate film is an adhesion fayer and m formed 
\pcm a material selected from the group consisting 
of TIN, W, Ta, U Sn, Ru, in, ir, Os» FSr\, sKicide com- 



26. Tho method of claim 1 4, wherein the substrate is 
formed from a maleriaJ selected frcwn the group 
composing sHicon {Si), germannjm (Ge) and dfa* 
mond (C): compound materials suohas QaASt IfiP, 
SlGa and SiC; ceramjo single crystal (BrTiQa, 
laAlOa, AIb03. KBf, NaCI. ZrO^ Sl^H^, TIO^ 
■feeOg, AIN) Of poly^5rysta|B thereof; metal (Au. Ag, 
Al, lr» Pt, Cu, Pd» Ru, W); and amorphous/glassj' 
materials (8SG, P8G, ^SB, SI}. 

S7. The method of claim 14, wherein an insuTatfon is 
fonned between the ^bstrate and the functional !n- 
termec^atefllm, and the (nsyialkin layer b selected 
from the group comprising Slpig, SIqH^, SPSQ, 
MgO, CaO. GaFg, Al^O^, SgO^. 8SQ, PSQ and th« 
like dieieclric material. 
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2S, The method of otalm 14, the hlgh-dl^fectdc or fer- 
roelectrfc metenal te formed from a material select- 
sd from the groyp compn&Ing perovskite strudure 
oxides (BT(BaTDa). BST(Bai.j,$r^'n03), ST 
(SrTiO^), PTiPbTiO^), PZT(Pb(Zr, 71)03), b 
(Pb,„L3,Ti03). Plzr(Pb,.,La,) {Zr^l\^h,^p,l 
PMNCPbmg^^Nb^/aO^), LiNbOg. LfTaO^, KNbOg^K 
(Ta, Nb)Oa, CaTtOg, SrSnOg, NaNbOj, laAlO^. 
yAlQ3), bismuth-layerecf perov^Kita structure ox- 
Ides (SrBfgNbgOs, SrBtfiTlgOg, SrBiaTa^O^, StBij 10 
(Ta^Nbi.jJgOg, Bi^TI^O^g), tungsten-bronza type 
structure oxides {Sri^j^Sa^Nb^aOe, (Sc 
Ba),)eRj^Nao^Nb206 (R;Cr,Zn,Y}. (Pb^BalNbgOa, 
{KSr)Nb206, (Pb.KjNbgOg, Pfa^KNbBO^s, 

ReMftO3{R0: rare-earth ejemenl)^ BaMf4{M:Mni 
Co, Ni. Mg, 2n), iOAgPa, ancfJhe like, 

29. An eldctromc dsviod having a f undlc^at intermedi- 
ate fifm and a bottom aieotiod© of pJatlnum film 
which has a clen«e granufar struoturo and a contiiof- 
led preferred orientatbn. 

30. The el^ronic devbe accordlr^ 1o dalm 29, where- 
in a blgh-deJaclria or ferroelectric tilm fs formed on 
the platiniftn film, 



$1. The elgcuor^jo device of claftio 2% fur^ercjomprfa- 
Ir^ an InauJatloa layer interposed between the $ub^ 
fitrate and the functional fntermediate 

32. Tlis ereotronb device ol claim 23, whereh Ihe func- 
tional inlermedlate film Is any one of a difluslcn bar- 
rier layer, a conductive plug, an adheeion Eayer and 
an Insulation layer, 

33. The electronic device of claim 52, wherein the func- 
tional fritermedlate fHm te a ccnductlve plug and Is 
fomiedfrom a nf^terlaisefectedfromthegroup con- 
efetirig ctf TIN, zirconium nknde, titar^ium srlidde^ 
lanlalum eflloide, tungsten sllfclde, rndybdenum su- 
icide, r^ickdl silicide, cobalt sHicide, lantalum car- 
bide, tantalum borlde, polyslitcon* germanium, W, 
■fe, T1, MO| TiW, boron carbide, Cu ^dttie like, 

34. The electronic device oj cfaim 32, whorafn the func- 
tional IntsnTfedlate film is a. diffusion barrier layer 
and Is formed from a material selected fr<^ the 
group conls^st^nQ of ternary component amorphous 
materials CH-Sl-N, Ta-S-N, Ti-B-N)^ conductive ni* 
trids (titanium aluminum nitnde, Zr niirfdc, Hf r^itride, 
Y nitrkie, Se nWn^B, La nUride, rare earth nitride, H 
deficient Al nitride, doped Af nitride, riltrlda, Ca 
nitridQi Sr nitride, Ba nitdde, TIN, GaN, Ni nitride, Ta 
nffiide, Co nitride, W niiiide), and the Hke. 

The electronic device of cfalm 32^ wherein the func- 
tioml intermediate Him b an adhesicn layer and le 



formed from a material selected from the group con- 
sistfns of Tir^, W. Ta, Ti, Sn, Ru. In, Ir. Os, n\, sllfcide 
compound (Ni sillcide, CoalHclde, W elllclcte)» arid 

the )!ke. 

35* Tiie electronic device of ciafm 59, wherein (he ffret 
thickness piaJinym part is formed !o an exlent that 
it can prevent the diffusion of the oxygen which can 
be introduced into the platinum fi^m during the sec- 
ond thickness platinum part dsposltfng $tep. 

37. The alectrc^lc device of claim 36, wherein the thfck- 
ne^ of the first thickness platinum part is 5 lo 50% 
of the total Sickness of the platinum film to be da> 
posited, 

38. The electronic device of claim 29» wherein the pre- 
ferred ortentarion of the platinum film Is conlroged 
by diangir^ at least one of: partial pressure ratios 
of oxygea nltrt^en end the mbrture thereof lo the 
entire gas in the atmosphere ^ployed in deposit' 

the second ihioimees platinum part of the h 
num film; the twnf^rature of the subetrate dtff^g 
the depo^netep; annealingleir^erature^ and the 
ratio of the tfiickfjess of the first thickness platinum 
part to the totsd micknese of the platinym film, 

3a The electronic device of claim 29* wherein the inert 
@as Is serectedfrom Ar. Ne, Kr, end Xe, 

40. The eleotrorjic device of claim 29, wherein the t^ 
peiature of the substrate during the dsposltlon step 
does not exceed ^0°C. 



^ 41. The electror^lc devtee of claim 2B, wherein the an- 
neaiing lenf^arature does not exceed 700^0. 

42r The electronic device of claim 29, wheretn the de~ 
poBiting of platinum film ie performed using a proc- 
40 ess salBctsd from the group comprising DOTF 
sputterffig^ OC/RF magnetron spuitering^ meta? or- 
ganic chemical vapor deposilionj vacuum evapara- 
tfon deposition, laser ablation deposition, partially 
ionrzed beam deposition, and elstaraplating. 
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43. The ©lectfonfc device of claim 29, wherein ths sub- 
strate is formed from a material selected from the 
group consisting of silicon (Si), germanjum fOe) 
and diamond (C); compound materials such as 
QaAs, InP, SIGo and SiC; cajsmic single crystal 
{SrTiOg, LaAlOj, A\p^, KBr, NaCI, ZtO^, Si^H^, 
TlOg, TagOe, AlN) or poly-crystals thereof; metal 
{Au, Al, Ir, R, Cu, Pd, f^u, W); and amorphous/ 
glassy maiteriak (BSG, PSG, BPSQ, Si), 

44, The ebctfonlc device of claim 29. wherein an Insu- 
tation Isformed between Ihe substrate endths func- 
tional iniemtediate Him, s^d the insiilation layer re 
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selected from the group consl&tfn^ of SIQa, StgN4, 
BPSG, MgO. CaO, CaFg, Aip^, BgOg. BSQ, PSG 
and the like dielectrio matertaJ, 

45* The eledronic device of claim 29, Ibe h^gh-dielec- * 
trio or fdrroebctnc m3t$rra[ Is Icrmed from a ma- 
terial sdectficf from the group comprising por- 
ov^klte structure oxides {BTtBaTlOg), BST 
(aat^rxTiOg), STCSrTlOs), PT(PbTi03), FZT(Pb 
(Zr, T1)05]. PLT{Pbi.^Laj^T|03), PlZf{Pbj,yia^} 10 

LITaOg, KNbOg, K(Ta, Nb)Oa, CaTiOs. SrSnOa, 
NaNbOg. LsAiO^, YAEOg)}^ bEsmutli-layererf per* 
ovskHe structure oxWes {SrBfgNbgOg, SrBigTlgOg^ 

sten-bfon;t6 type slrucliffe cxides (Sfi,^Ba^Nb20e. 
(Sr. Ba)oaRjcN8o 4Nbp^{R;0r,zn,y). (Pb,0a) 
^Jt^;£Q6, (K,Sr)Nb26€, CPb.KJNbPe, Pb^mh^O^^, 
K^L^NbfiOts, (K, Ka)3Li2Nb50^6. K^BiNbsOig)), 
RBMn03(R8: rars-earth element), and SaMF4{M: 
Mn, Co, hfl, Mg, Zh), KMgF^ and the like. 
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